This paper investigates new developments in the pattern of machinery trade, with a focus on the extent and depth of production networks in North America. We pay particular attention to North America's trade links with East Asia, which have intensified in the last two decades. Investigation of changes in total trade value and the growth of trade on the extensive margin both demonstrates the expanding fragmentation of production in North America as well as the strengthening of connections with Mexico. Our quantitative analysis, which is based on gravity estimation of trade volume and extensive margin trade responses, also provides evidence that U.S. imports of machinery from East Asia are especially strong, and further, that Mexico's role has changed, as it now provides a bridge for trade between East Asia and the United States. These new developments in the pattern of machinery trade reflect reductions in services link costs, the further evolution of production sharing in the U.S.-Mexico nexus, and the strengthening competitiveness of production networks based in East Asia.
Introduction
Recent changes in the international division of labor have spread production processes and tasks across countries. This dispersion of production, which has been referred to as the second unbundling (Baldwin 2011) , has been increasingly evident in evolving patterns of North-South and South-South trade. For this reason, the role of international production networks (IPNs) in the world economy has become an issue of great interest in both the academic literature and popular press. In contrast with the ªrst unbundling, which involved the traditional international division of labor on the basis of industry, the second unbundling is based on an international division of labor that allows the different stages or production tasks of a single industry to be allocated across international borders. The nature of transactions in IPNs that are responsible for the second unbundling require new types of transactions which are to be high frequency, high speed, and tightly synchronized, as these characteristics provide the necessary support for well-coordinated production blocks. The design of cross-country production networks, and their associated trade transactions, will reºect considerations about geographic distance and the quality of logistics links. The term "global value chains" has become widely known, and a large literature describing the activities of global value chains has developed quickly.
1 Although the international division of labor now reºects factors related to the second unbundling, it is important to note that the conduct of international production also continues to respond in many cases to considerations that shaped the international division of labor in the ªrst unbundling. The growing literature on value-added trade makes a similar argument about the differences related to the interpretation of the data due to the nature of the second unbundling as compared with the ªrst unbundling. 2 In the context of value-added trade, it is worth noting that geographical proximity continues to be an important factor inºuencing the organization of production fragmentation, as shown by Johnson and Noguera (2012b) .
Machinery industries, including general machinery, electric machinery, transport equipment, and precision machinery, have been at the forefront of IPN formation. As these networks have developed, three centers have been especially important: East Asia including Northeast Asia and Southeast Asia, North America, and Europe. Ando and Kimura (2013) examine the relationship of machinery production networks between East Asia and Europe, focusing in particular on the role of Central and Eastern Europe (CEE) in providing links that connect East Asia with Western Europe (WE). For the case of the electric machinery industry, this study ªnds that East Asia started to export large quantities of electronics parts and components to CEE as a means of assembling products for sale in the WE market. This development was interesting, because it implied that an IPN, which had a traditional basis as a regional production network, had now transformed into a global produc-tion network. The automobile industry provides a contrasting case, however, as companies have formed independent regional agglomerations in East Asia and CEE, rather than moving towards the global production network form observed in the electronics industry. Thus, it appears that differences in industry characteristics have an effect on the evolving geographical patterns of IPNs.
In this paper, we investigate whether there is an interplay that affects international production choices in East Asia and North America. Similar to the previously analyzed case of East Asia and Europe, we expect that the increasing dominance of East Asia as an industrial base may have affected international trade and production ties with North America. In East Asia, IPNs have evolved from simplistic cross-border production sharing to "networks" that many countries now participate in and have come into a stage of forming industrial agglomerations in which active shortdistance inter-ªrm (arm's length) transactions have developed. In addition, East Asia's international competitiveness in manufacturing activities has risen in the past decade, due to a mild deterioration of East Asia's terms of trade caused by resource price hikes vis-à-vis the prices of manufactured goods. The relatively smooth movements of labor from informal/rural/non-manufacturing sectors to formal/urban/ manufacturing sectors has also helped to moderate East Asia's labor costs rises as compared with the rest of the developing world. Notably, while China's rise as an industrial center has been evident, East Asian developing countries have nonetheless managed to become more deeply involved in regional production networks.
There are a number of differences between the trade ties of East Asia with North America as compared with the East Asia connections to Europe. First, North America has been a major external market for East Asia for several decades, and the two regions have had long-lasting and tight international trade links. Furthermore, since the 1980s, trade across the Paciªc has also included transactions of parts and components. We conjecture that production network links between East Asia and the United States will act like a turnpike as they help ªrms to overcome the disadvantages of geographical distance, possibly generating global links that are just as strong as the regional links formed within East Asia. By ownership, U.S. companies have been one of the major players in the development of these production networks in East Asia due to their activities in both trade and foreign direct investment. At the same time Mexico has occupied a special position in trans-Paciªc production networks, since Mexico has worked as a site for cross-border production sharing with the United States. Over time, imports of parts and components from East Asia have become considerably grown, with especially rapid growth in parts imports by Maquiladora operations. In addition, over the past ten years the formation of industrial agglomerations in Mexico, particularly in the automobile industry, has been notable. The strong trade connections seen in this case make the developments associated with Trans-Paciªc production networks between East Asia and North America distinct from the developments of trade ties linking East Asia and Europe.
The rest of the paper is organized as follows: the next section provides a conceptual framework grounded in terms of fragmentation and agglomeration, which we use to understand the evolving patterns of machinery trade between North America and East Asia. Section 3 describes the developing patterns of machinery trade for North America between 1991 and 2011, with an emphasis on production networks connecting North America with East Asia. In documenting this change, we establish its importance using measures of total trade value and through count measures of trade transactions that underpin the extensive margin. Section 4 uses a gravity framework to quantitatively evaluate the strength of connections linking East Asian machinery exports to North America. Section 5 concludes.
Geographic expansion of IPNs
The assembly of machines typically involves the combination of a large number of parts and components, many of which are produced using various materials, diversiªed technologies, and multiple sources, including remotely located production sites. For this reason, machinery factories generally include intermediate inventory storage, which is ªlled with hundreds of types of parts and components that are sourced from various locations with differing frequency and involve diversiªed transport modes of delivery. A procurement manager carefully designs and operates upstream networks, and the sales manager closely watches and controls ªnal product inventories and downstream networks. Transactions of parts and components and ªnished products in production networks can be classiªed into one of four groups, based on distance. As illustrated in Table 1 the groups are: Layer 1 (local), Layer 2 (sub-regional), Layer 3 (regional), and Layer 4 (global). 3 Layer 1 refers to transactions conducted within local industrial agglomerations, such as auto parts procurement in the Bangkok Metropolitan Area or the Pearl River Delta, where a just-in-time system is in place, allowing for ªrms to keep minimal inventories of intermediate inputs. Layer 2 mainly consists of transactions between neighboring industrial agglomerations, such as transactions between production locations within ASEAN or within CEE. Layer 2 operations are also sensitive to the timeliness of deliveries, due to the input needs that support the continuous operation of the production system. Layer 3 describes transactions that cover a whole region such as East Asia or Europe where the timeliness of deliveries in general becomes less important, except in the case of emergencies. Layer 4 refers to trans-continental transactions, which are typically conducted with ample lead times of 2 weeks to 2 months by ship. Layer 4 transactions are more typically based on the industrial structure that led to the ªrst unbundling rather than the second unbundling. When ªrms form vertical upstream-downstream production networks, they design operations that may draw on a number of these four levels of transactions. In each case, the vertical design of the ªrms production system will reºect differences along industry and product lines, as well as differences in business model, and local conditions that reºect location advantages inºuencing production costs and service link costs. Kimura and Ando (2005) extend the concept of production fragmentation along two dimensions: fragmentation in terms of geographic distance and fragmentation related to the ownership underpinning ªrm transactions (intra-ªrm or arm's length [inter-ªrm] ). To be economically viable, fragmentation on the geographic dimension requires a reduction in three types of costs: (i) network set-up costs, (ii) service link costs such as transport costs in a wider sense, and (iii) production costs per se coming from location advantages such as low wages and/or economies of scale. Costs (i), (ii), and (iii) typically come into consideration as a trade-off in a ªrm's choice of transaction types. Fragmentation on the disintegration dimension has a similar trade-off: transaction costs in arm's length transactions and beneªts of utilizing strength of unrelated ªrms. Geographical distance does not matter much for intraªrm transactions whereas transaction costs in arm's length transactions quickly increase with geographical distance. Furthermore, the strength of trust and power balance between business partners as well as modular versus total integration in the architecture of the inter-ªrm interface affect the sensitivity to geographical distance. Using our extended framework, we enumerate the possible determinants of transaction layer choices in Table 2 . Arrows on the right-hand side provide a rough idea of the range of layer choices affected by each element of the determinants. Table 2 is useful, for example, in understanding the differences in the geographic spread of production networks for the electronics industry as compared with the automobile industry. 4 Production networks in the electronics industry tend to operate at the "sub-regional" or "regional" level. This is because (i) transport costs for electronic parts and components are usually low due to low weight and volume relative to value; (ii) large plant-level economies of scale; (iii) strong trust between unrelated upstream and downstream ªrms, especially in the case of transactions between multinational enterprises; (iv) the relatively even balance of power between unrelated upstream and downstream ªrms; and (v) the architecture of inter-ªrm interface is likely to be modular. Trans-continental ªnal product shipments are typically slow due to the heavy reliance on maritime transport.
5
The organization of production networks within the automobile industry provide a contrast with the organization of the electronics sector, because the automobile industry generally follows an industrial agglomeration, that is, "local," which involves only a limited procurement of supplementary supplies of parts and components from a more dispersed "sub-regional" or "regional" area. This is because (i) transport costs for a large portion of automobile parts and components, such as air ducts for air conditioners, are high and thus sensitive to geographical distance, and other types of transport costs including trade barriers, non-tariff measures such as safety standards, and even local tastes make service link costs high and local production advantageous; (ii) trust between unrelated upstream and downstream 126 Asian Economic Papers
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4 To describe our arguments, we refer to "electronics" and "automobiles" as industries reºecting typical industry characteristics. In the data analysis that follows, we evaluate changes in "electric machinery (HS85)" and "transport equipment (HS86-89)" based on the industry categories recorded in the harmonized system (HS) of tariffs.
5 Athukorala (2011a) claims that production networks are largely regional though ªnal products travel across regions, which is consistent with the ªndings of this paper. Kimura (2010) .
ªrms is sometimes weak, especially when upstream ªrms are small/medium enterprises or local ªrms; (iii) power is generally unbalanced between unrelated business partners, since assemblers are typically much stronger than parts producers; and (iv) the architecture of inter-ªrm interface is likely to be organized through total integration.
Although these descriptions represent typical production networks in the electronics and automobile industries, the geographic patterns observed in some cases vary dramatically as a consequence of individual ªrms' strategies, location advantages, and the evolution of organizations over time. For example, a local vendor network is sometimes important, even in the case of the electronics industry. 6 At the other extreme, semiconductor products such as RAM chips and system LSI circuits can be transported by air, possibly traveling long distances, due to their high prices relative to weight and volume. Ando and Kimura (2013) document the exceptional growth in the export of electronic parts and components from East Asia to CEE in the past ten years as they document that some transactions even become "global." They also ªnd that some ªnal electronics products, such as Dell computers, are sometimes moved by air when a client is in a hurry. In the case of the automobile industry, most of the transactions are local and sub-regional in the case of East Asia although some regional transactions are required in the process of forming a critical mass of industrial agglomeration in developing countries. In addition, company strategy determines whether ªrms decide to use modular or total integration. For example, Toyota adheres to a strong total integration form of operation, whereas Volkswagen applies a more modular approach that involves a limited number of car models that are produced using parts and components standardized across production sites across the world. This difference may explain, at least partially, why tight industrial agglomeration is observed in East Asia and sub-regional transactions are relatively important among CEE countries.
Although North America is a vast area, the highway system in the United States and the southern part of Canada is excellent. 
Evolution of machinery trade in North America
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Trade value
The tables provide several interesting insights. First, both machinery imports and exports by North America have drastically expanded during the last 20 years, and the production sharing in the region has grown signiªcantly, with particular growth in the U.S.-Mexico nexus. Table 3 shows that machinery imports and exports grew by three to four times and around 2.5 times in these 20 years, respectively, for the United States and Canada, and by 13 times and 23 times for Mexico. In addition, imports of machinery parts and components increased by 21 times, and exports of machinery parts and components as well as ªnal products grew by 22 to 23 times for Mexico (Table 3b) . Moreover, the share of Mexico in the U.S. machinery trade in- creased signiªcantly, especially in terms of imports of ªnal products (from 6 to 18 percent) and exports of parts and components (from 11 to 21 percent), while Canada's share in the U.S. imports declined (Table 3a ). Mexico's share of Canada's machinery trade also grew, rising from 3 percent to 9 percent. Nonetheless, the majority of Canada's trade continued to be with the United States (Table 3c ). This evidence suggests that the United States has continuously played a central role in North American machinery trade, although the expansion of production sharing in North America has focused on the U.S.-Mexico nexus in the last two decades. These trade ºows are characterized by U.S. exports of parts and components to Mexico, Second, some production networks, and those of the electric machinery sector in particular, often extend beyond the boundaries of a single region. For example, in the electric machinery sector, East Asia supplied nearly 60 percent of U.S. imports in 2011 (Table 4) . 9 Although the share of East Asia's share of U.S. electrical imports de-
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Evolution of Machinery Production Networks 9 As mentioned in footnote 8, Taiwan is also an important player in production networks anchored in East Asia. Although the analysis of this paper does not include Taiwan in the cate- clined slightly from 61 to 58 percent (70 to 63 percent) overall (ªnal products only), the actual import value grew four-fold (ªve times) over this interval. Mexico's imports of machinery parts and components from East Asia grew at an exceptional pace: the value of parts and components imports rose to a level 180 times the original import value, and Mexico's imports of ªnal products in this sector grew 29 times (Table 4b) . As a result, East Asia's share of Mexico's imports rose from an original level of 10 percent to a level of 57 percent in the case of parts and components and from 20 to 53 percent in the case ªnal products. As East Asia's share of Mexico's imports rose, the U.S. share declined. Changes in Canada's import sourcing were also similar to the changes in Mexico's sourcing; as the importance of East Asia grew, the share of parts and components and ªnal products imported from the United States declined (Table 4c ). The magnitude of these trade ºows between East Asia and North America suggests that production networks in the machinery sector now cover more than one region, due to the fact that imports of key parts and components as well as ªnished machinery products from East Asia were integrated into the U.S.-Mexico nexus. As Note that over the one-third of U.S. exports in electric machinery parts and components were shipped to East Asia; between 1991 and 2011 the value of this trade grew three-fold, while the export share absorbed by East Asia rose from 31 to 35 percent (Table 4a) . Although the United States became a slightly less important partner for East Asia (the U.S. share declined from 70 to 63 percent), it is important to remember that U.S. imports of electric machinery ªnal products from East Asia increased ªve times in magnitude from US$21 to 108 billion. Taken together, the large and increasing share of East Asia in exports of parts and components and the expanding imports of ªnal products from East Asia suggest that the operations of U.S. ªrms were responsible for the strengthening connection between the United States and East Asia in the electrical machinery sector. These connections were supported by transactions between U.S. afªliates in East Asia and U.S. parent ªrms, as well as East Asian ªrms' operations in the United States and Mexico, which involved 133 Asian Economic Papers Evolution of Machinery Production Networks gory "East Asia," the trade share associated with East Asia would increase if Taiwan was also included in deªnition of East Asia. Noting that our group labeled "Other Asia" in Table A .1 of the Appendix is mostly based on the activities of Taiwan, the share associated with East Asia would rise by a further 5-6 percent if it included Taiwan in the calculations.
transactions between East Asian ªrms' afªliates in the United States and Mexico and their parent ªrms and afªliates in East Asia.
Third, in contrast with electric machinery sector trade, the intra-regional share of transport equipment sector imports and exports is larger. Nonetheless, North American country imports of parts and components from East Asia increased even in the transport equipment sector for all countries: from 34 to 35 percent for the United States, from 4 to 19 percent for Mexico, and from 7 to 13 percent for Canada (Table 5 ). The top four import sources are the other two North American countries, Japan, and Germany in 2011 for all three North American countries (Table A .1i). If we focus on only parts and components imports, however, the primary suppliers are Canada/the United States, Mexico, Japan, and China for the United States and Canada, and the United States, Japan, Germany, and China for Mexico (Table A. 
1ii).
Moreover, Mexico's share of U.S. imports in parts and components in this sector increased signiªcantly from 8 to 22 percent (Table 5a ). These changes suggest that even in the transport equipment sector production networks expanded from regional to more global (including East Asia as a source of imports) side. Because the related changes in the electric machinery sector were stronger, we conjecture that industrial clustering and the proximate location of supporting industries, as well as customer proximity, are more important in the transport equipment sector. 
Features based on the extensive margin
To further investigate changes in trade patterns, including the extent and depth of production networks, this section focuses on the extensive margin, which reºects the number of traded products times the number of trading partners. Figure 2 demonstrates the number of import product-country pairs for each of four sources in 1991, 1996, 2001, 2006, and 2011 in all machinery sectors, the electric machinery sector, and the transport equipment sector. Similarly, Figure 3 presents the corresponding number of export product-country pairs for each of the four destinations. 10 To scale the observations for comparability, the number for each origin/destination is indexed to the number for the United States in 1991 for three origins (destinations) (i.e., Mexico, Canada, East Asia) and the number for Canada in 1991 with the United States as an origin (destination). An index value below one indicates that the country has been less involved in production networks, compared with the United States (or Canadian) case in 1991. A rise in the index number suggests that the country has been more deeply involved in fragmentation of production than it was earlier. A value of 100 percent implies that all varieties that are traded with any country in the world by a concerned country (e.g., Mexico) are traded with that country (e.g., the United States).
The ªgures and tables provide four interesting results. First, the United States has played an ongoing and central role in North American trade, and the expansion of North American trade, particularly in the case of Mexican/Canadian trade with the United States, has been driven primarily by expansion on intensive margin (the value per traded product), rather than growth along the extensive margin (the number of traded products). Almost all varieties that are traded by Mexico/Canada with other countries in the world are also traded with the United States (Table 6) . Moreover, the index representing the number of commodities imported from or exported to the United States by Mexico/Canada have remained stable since 1991, aside from a decline in 2011 (Figure 2) . Thus, because the number of goods remained stable, this suggests that the growth in North American trade reºected expansion on the intensive margin. Although the relative importance of the United States as an import source country declined somewhat, the offsetting effects due to expansion on the intensive margin caused an expansion of Mexico and Canada's imports from the United States.
A second feature that we note in the data is the intensiªcation of the connection between Canada and Mexico over time, which may reºect the effects of the North American Free Trade Agreement (NAFTA), which became effective in January 1994. We note that trade connections involving parts and components rose the most, though the connection between Canada and Mexico has yet to attain the strength observed in the trade ties linking the United States and Mexico. The number of commodities the United States imported from Canada (or the number of commodities Canada exported to the United States) remained more or less stable in the years following 1991, whether we track the count of parts and components or ªnal product exports (Figures 2 and 3) . On the other hand, the number of products imported by Mexico from Canada and the number of products imported by Canada from Mexico had a general increase both in parts and components and in ªnal products. We believe these increases in import counts can be attributed to NAFTA because the number of imported products increased more rapidly for parts and components. 11 We have to note, however, that the count of products imported from Canada by Mexico was considerably smaller than the number of products imported from Canada by the United States in 1991, with the largest difference in machinery ªnal products (less than 80 percent) (Figure 2 ). This point is also evident if we instead compare the number of product varieties exported by Mexico to Canada or from Canada to Mexico, with the numbers of product varieties exported or imported by the United States. In the early 1990s, the range of products exported by Mexico and Canada were only 70 percent as large as the number of traded parts and components handled by the United States, and between 40 and 50 percent number of ªnal goods traded by the United States. Although the number of products traded by Mexico and Canada increased over time (Figure 3) , reºecting the strengthening of trade ties between Canada and Mexico, the links remained less strong than the links observed between the United States and Mexico.
Third, all three North American countries, and Mexico and Canada in particular, dramatically increased the variety of their imports from East Asia, as measured by the number of machinery product-country transactions. 12 In the case of electric machinery parts and components, Mexico's imports increased especially rapidly, rising from a low level of variety at the beginning of the 1990s (around 40 percent of the variety imported by the United States) to a variety level in 2011 that was comparable in range to the variety imported by the United States ( Figure 2 ). As Table 7 shows, Mexico's increase in import variety was observed for many East Asian partner countries in the electric machinery sector. For example, among products imported by Mexico (from any country in the world in a concerning year), the share of varieties imported by Mexico from each East Asian country in those imported by Mexico from the world, regardless of the source country, rose from 34 to 99 percent for China, from 93 percent in 1991 to 97 percent in 2011 for Japan, from 36 percent to 86 percent for Korea, 16 to 78 percent for Malaysia, and from 8 to 76 percent for Thailand. Combined with the fact that the connection between the United States and Mexico was intensifying, these developments suggest that Mexico's trade transactions with East Asia become enhanced to the extent and depth of the connections between East Asia and the existing U.S.-Mexico nexus, particularly in the electric machinery sector. On the export side, the values were smaller than the value of imports (Table 4) . Moreover, although export numbers increased in general, which suggests the growing connection with East Asia in terms of the variety, the extensive margin remained below the level observed for U.S.-Mexico trade ties (Figure 3 ).
Fourth, trade connections between North America and East Asia appeared to be stronger in the electric machinery sector than they were in the transport equipment sector. The extensive margin is much lower, which indicates that there were generally fewer traded varieties in the transport equipment sector than there were in electric machinery sector (Table 7) . One plausible explanation for this result is that the transport equipment sector may require an industrial cluster, which are tightly bound by geography due to large transport costs compared with parts and components in the electrical machinery sector, which tend to be smaller and lighter, and therefore, relatively easy to transport to more distant countries.
North American machinery imports from Asia: Gravity model estimation
The previous section demonstrated the expanding fragmentation of production in North America, which has been accompanied by the strengthened connection between Mexico and East Asia, in addition to the more traditional ties between the United States and East Asia. The data have also established that these changes are manifested in both trade values and in developments on the extensive margin. This section uses gravity model estimation to quantitatively verify the existence and strength of the trade links tying North American machinery imports from East Asia, and to learn more about the evolution of production networks as production networks have transformed from regional to Trans-Paciªc in scale. We apply the gravity model to trade in all machinery sectors, followed by an examination of the electric machinery and transport equipment sectors. When we apply the model, we disaggregate the trade data so we can study distinctions between the factors that inºuence trade in machinery parts and components as compared with trade in ªnal products. Moreover, the paper investigates not only changes in the total value of trade but also the changes in the extensive margin (the number of traded products) and the intensive margin (trade value per product) that contribute to overall changes in trade value. Because North American exports to East Asia remain relatively small compared with East Asian exports to North America, in spite of the large extensive margin increase in East Asian imports from North America, our estimation focuses on North American imports from East Asia, with a particular focus on the new developments in imports by Mexico.
Estimation approach and data
To study the determinants of bilateral machinery imports by the United States, Canada, and Mexico, we use a basic equation. In our estimating equation,
where T ij denotes the total value of bilateral imports of country i from country j, Dist ij measures the distance between capitals of country i and country j, GDP i (GDP i ) is the gross domestic product (GDP) of country i (j), and GDPpc ij measures the absolute value of the difference in GDP per capita between country i and country j. Note that the variable GDPpc ij(iϾj) is applied to the cases where country i has higher GDP per capita than does country j, whereas the variable GDPpc ij(iϽj) is used in the remaining cases where country i has lower GDP per capita than does country j. 13 Distance is included in the regression to capture the effects of transport costs or services link costs. Because transportation and linkage costs rise with distance, we expect to ªnd a negative coefªcient on our distance measure. Because GDP provides a proxy for market size, the predicted coefªcient on GDP is positive. The difference in GDP per capita between two countries can be interpreted as a measure of (the absolute term of) differences in factor endowments. For this reason, the coefªcient on this term will be positive if the difference in factor endowments is one of the important determinants that inºuences the international division of labor in terms of production processes or tasks, as fragmentation theory suggests. Because production fragmentation leads to the development of "networks" and trade in production processes and tasks are spread between developing countries, however, national level differences in factor endowments may not sufªciently capture the incentives that shape trade patterns at a more disaggregated level.
Since we are interested in cross-country changes in the level of transport or services link costs and also in features of imports from East Asia, we examined three further regression speciªcations. In these regressions,
where the variables USA, MEX, and CAN are indicators that were set to one for the United States, Mexico, and Canada, respectively, and zero for others. Similarly, we added an dummy variable E.Asia that was set to one for the nine East Asian countries, and zero for all others. In equations (2) and (4) Next, because the total value of trade can be rewritten as the product of trade value per variety multiplied by the number of traded varieties, the total value of trade can be decomposed into the extensive margin (the number of traded products) and the intensive margin (trade value per product). Thus, equation (1), for instance, can be decomposed into the following two equations:
where N ij is the number of imported products (extensive margin) and T ij /N ij is the import value per product (intensive margin). This paper uses the number of imported products at the HS six-digit level as the measure of the extensive margin, and the total value of imports divided by the number of imported products as the measure of the intensive margin.
14 We use of a full set of equations to investigate the trade links connecting North America with East Asia in 1991 and 2011, for imports in all machinery sectors, as well as the electrical machinery and transport equipment sectors. In addition, we run our analyses, making a distinction between machinery parts and components and ªnal products. By comparing our results for the different sectors, trade types, and years, we hope to learn more about the nature of, and changes in the machinery imports of North America and East Asia. (2011) and Hayakawa, Kimura, and Nabeshima (2014) . There are alternative deªnitions of extensive and intensive margins, which rely on ªnely disaggregated bilateral trade at the country level (not bilateral trade data at the ªrm level). For instance, Haddad, Harrison, and Hausman (2010) decompose changes in total trade (the percentage change in the total value of trade) into these margins as follows: the intensive margin is composed of effects due to changes in quantity and price, while the extensive margin consists of an effect due to exiting products (exit effect) and an effect due to new products (entry effect). See also Hummels and Klenow (2005) and Helpman, Melitz, and Rubinstein (2008) for the examples other decompositions.
measures of geographical distance were taken from the CEPII database, 16 and we turned to World Development Indicators online 17 for our measures of GDP and GDP per capita. To measure the number of products imported from each country, we formed counts of the number of commodities with positive import values at the HS1992 six-digit level. Our measures of import value per product were obtained by dividing the total value of imports by the number of imported products.
Our bilateral trade matrix contains a number of zeroes. If we simply dropped all observations with zero trade, however, this would ignore potentially useful information and might cause problems with sample selection bias. As we noted in the previous section, the extensive margin signiªcantly expanded from 1991 to 2011. Further, the extensive margin changes were especially dramatic in the case of Mexican imports. Thus, a comparison of trade in 1991 and 2011 requires us to include observations with zero trade. Indeed, estimation focused on the extensive margin of trade would be incomplete if zero trade observations were removed from the sample. The treatment of zero-valued trade is a question that has received much attention in the trade literature. To deal with this problem, we adopt gravity equations that use pseudo Poisson maximum likelihood (PPML), as suggested by Silva and Tenreyro (2006) . 18 The beneªt of the PPML technique is that we can estimate gravity models that include observations with zero trade without needing to take the logarithm of dependent variable. This is beneªcial because the logarithm of zero is undeªned. Note, however, that while the variables used in our estimation follow from our equations (1Ј) and (1ЈЈ) when we implement the PPML technique, we are no longer using the log values of the dependent variables. Tables 8 and 9 show the results for all machinery sectors, the electric machinery sector, and the transport equipment sector. For each industry subgroup, the gravity analysis was applied to imports of parts and components and imports of ªnal products, respectively. In Tables 10 and 11 , imports are decomposed into their extensive and intensive margins, and the gravity model was applied to each of these subcomponents of overall trade. Although we estimated many variants of our model, we only display the results for the model variant that includes the East Asian dummy variable or its interaction terms with each North American country dummy variable.
Estimation results
Our major ªndings are as follows. First, although East Asia is located far from North America, the services link cost seems to be reduced, and, perhaps at the same time, the export competitiveness of East Asia that overcomes geographical distance is strengthened, particularly in the electric machinery sector (Tables 8 and 9 ). In all cases, aside for the estimates based on ªnal products trade in electronics, which include an East Asia dummy for electric ªnal products (equations c-8/11 and d-8/11 in Table 9 ), the estimated magnitude of the coefªcient on distance was smaller in 2011 than it was in 1991. Indeed, the estimated coefªcient for distance in the case of electric machinery parts and components in 2011 loses all signiªcance, as the results for equations a-2 and a-5 in Table 8 show. This reduction in the apparent inºuence of distance suggests that there were declines in service link costs, such as transport costs, which accelerated international production fragmentation. This change may have also enhanced the competitiveness of East Asia in this sector, as the geographic spread of production operations moved beyond their previous conªnes of region, especially in the case of trade in the electric machinery parts and components.
Second, we ªnd evidence of strong trade connections between North America and East Asia in general, along with evidence that the links between Mexico and East Asia in the electric machinery sector are now much tighter than the connections of East Asia with the other North American countries (the United States and Canada). We base this set of conclusions on the following facts: the coefªcient for East Asia is positive and statistically signiªcant (equations c in Tables 8 and 9 ), the coefªcient on this East Asia term is much larger in magnitude for the electric machinery sector than it is for the transport equipment sector when the same year results are compared, and ªnally, the coefªcient for the East Asia-Mexico interaction term went from unidentiªed in 1991 to positive and statistically signiªcant in 2011 not only for the total value of trade (equations d-2 and d-5 in Table 8 ) but also for both extensive and intensive margins (equations d in Table 10 ) in the case of electric machinery parts and components. Furthermore, the coefªcient on the East Asia-Mexico interaction term became larger in magnitude than the corresponding East Asian interaction terms based on the United States or Canada (see results for both electric parts and components and components and ªnal products in equation d-5 in Tables 8 and 9 ). Because the gravity equations control for distance and other economic conditions, these coefªcients on the interaction terms suggest that North America's and Mexico's connection with East Asia in particular exceed the level that would otherwise be predicted by the gravity model. This result is particularly notable in the electric machinery sector, as this result helps explain expansion on the intensive as well as the extensive margin in this industry.
Third, North American imports from East Asia are larger in size than predicted by the gravity model whether we examine the import value per product (intensive margin) or the number of imported products (extensive margin) in the electric machinery sector. This conclusion applies whether we are looking at electrical industry trade in parts and components or in ªnal products. In contrast, in the transportation sector, North American imports of parts and components and ªnal products exceed the gravity model predictions only for the intensive margin (equations c in Tables 10 and 11 ). In sum, these ªndings tell us that the exceptionally rapid rise of North American imports from East Asia in the electric machinery sector resulted from an expansion in trade value per product and an increase in the number or variety of imported products. In the case of the transport equipment sector, however, the increase in imports was driven only by increases in the intensive margin. As mentioned in the previous section, these sectoral differences in response are probably a consequence of sector-level differences. Due to high transport costs, the transport equipment sector requires industrial clusters nearby, whereas parts and components in the electric machinery sector, in contrast, are in general smaller and lighter, which facilitates the opportunity to organize production sharing networks and includes country participants beyond the ªrm's immediate region of activity.
The remaining control variables in our gravity regressions perform according to expectations. For example, the estimated coefªcients on export and import country GDP are positive and statistically signiªcant in the majority of our speciªcations. However, the size of the coefªcients on country GDP generally declined in 2011, as compared with the estimates for 1991. Our coefªcients on GDP per capita are mixed; although many are positive and statistically signiªcant, others are not. In particular, estimation based on 2011 trade activity does not reveal a consistent response to the income gap (Table 8) . Thus, as discussed in Section 4.1, the difference in factor endowments at the macro level may not sufªciently describe the relevant features that should have inºuenced overall trade patterns in the case of fragmented production.
Summary and the implication for economic integration
This paper investigates developing patterns in North American machinery trade to gain insights into the extent and depth of East Asian connections to North American production networks. Our descriptive analysis, which tracks changes in the total value of trade and in trade activity along an extensive margin, clearly indicates that fragmentation of production in North America has expanded at the same time that East Asia has become increasingly important as a source of North American imports in these machinery sectors. The extent and depth of North American production networks grew as production sharing based on the U.S.-Mexico nexus expanded to include more Trans-Paciªc connection, and an especially notable trade tie development between East Asia and Mexico, which built upon the former ties between East Asia and the United States in the electric machinery sector. Our quantitative analysis applies gravity model estimation to the total value of trade as well as its constituent components: the extensive and intensive margins of trade. We have also veriªed the relative strength of East Asia as a source of machinery imports in North America, and highlighted Mexico's enhanced role providing a bridge that links East Asia and the United States by trade. The change in the organization of production appears to reºect reductions in services link costs. The evolution of production sharing in the U.S.-Mexico nexus has probably been shaped as well by policy measures that promote activities of multinational enterprises in Mexico such as the Maquiladora, The Program of Sectoral Promotion, and NAFTA. It has probably also beneªted from the strengthening competitiveness of machinery sector production networks based in East Asia. Beyond that, U.S. ªrms with operations in East Asia and the East Asian ªrms (say, Japanese and Korean ªrms) with operations in Mexico should have signiªcantly contributed to the strengthening connection of Mexico with East Asia as a bridge between the United States and East Asia.
As Baldwin (2011) claims, the second unbundling requires a new international policy environment that does more than simply remove tariffs. For example, service link costs involve numerous transaction costs that arise with the operation of IPNs. One of the major components is physical transport cost for materials, parts and components, and ªnal products. In the ªrst unbundling, these monetary transport costs were a primary determinant of production organization. In the second unbundling, monetary transport costs remain relevant. Other costs, however, such as time cost and the reliability of logistics links, also enter as crucial determinants. Therefore, policies supporting international transactions expand from its previous focus on simple tariff removal to the removal of non-tariff barriers (NTBs), trade facilitation including customs clearance, logistics and related services liberalization, and physical and institutional logistics infrastructure development. It is also important to recognize that service link costs include coordination costs. Thus, convergence or harmonization of economic institutions also increases in importance. Furthermore, in addition to service link costs, newly developed economies and less developed countries typically need to improve their location advantages if they wish to be attractive targets for the formation of production blocks. To this end, liberalization of services and investment, provision of economic infrastructure services such as electricity supply, reform of government procurement, improvement of intellectual property right protection and competition policy, and overall improvements of the business environment become important.
While the World Trade Organization has lost momentum for expanding its coverage of policy modes, at least in the short run, free trade agreements (FTAs) often provide an alternative mechanism for improving the international policy environment in support of the second unbundling. The coverage of tariff removal remains and is an important indicator for measuring FTA quality, however, because the utilization of FTA preferential tariffs is not automatic. Since ªrms that wish to beneªt from FTA tariff preference must meet rules of origin, FTAs are better at achieving liberalization goals when they are user-friendly and compliance costs. including the cost of obtaining a certiªcate of origin, is low. Beyond tariffs, FTAs can enjoy ample ºexibility in setting the scope of policy consideration. Typical high-level FTAs cover NTBs, services liberalization, investment liberalization, government procurement, intellectual property rights protection, competition policy, environmental and labor standards, and even economic cooperation. For example, the FTA between Japan and Mexico covered not only tariff reduction but other business environment factors. For this reason it appears that this FTA has greatly contributed to the expansion of trade and foreign direct investment as well as the improvement of the business environment (Ando 2007 ).
The Trans-Paciªc Strategic Economic Partnership Agreement (TPP), which remains under negotiation (as of May 2014), has attracted substantial academic and press attention. Although details from this negotiation have not been disclosed, policymakers have announced their desire to achieve substantial liberalization through this mega-FTA. Although the goals of the U.S. delegation may not be centered on the goal of reforming the policy environment for the second unbundling in the manufacturing sector, if the TPP is concluded, many believe it will create a better policy environment for IPNs. In particular, the TPP may achieve a high coverage of tariff removal-at least vis-à-vis the East Asian standard-in addition to liberalization and reforms affecting services and investment, government procurement, intellectual property rights protection, competition policy, and dispute settlement. The current set of negotiating countries does not encompass Trans-Paciªc production networks in their entirety. However, we may observe a further domino effect through the addition of further participants in the near future. Even without a rise in membership, TPP negotiation has already stimulated negotiations in other FTA groups, including the Regional Comprehensive Economic Partnership covering ASEANϩ6, the China-Japan-Korea FTA, and the Japan-EU FTA. If the TPP comes closer to conclusion, other FTA negotiations will certainly accelerate, and the quality of their reforms will improve. Competition over international rule-making among mega-FTAs may also work in a benevolent direction.
As for production networks in machinery industries, the direct effects of the TPP may or may not be signiªcant. For the electronics industry, tariffs have been mostly removed by the Information Technology Agreement initiative as well as China's World Trade Organization accession. Thus the beneªts of trade liberalization under regionalism and the effects of further tariff removal by the TPP may be limited, although international rule making may accelerate the improvement of location advantages for production networks, particularly in newly developed economies and less developed countries that are currently outside of TPP negotiation. In the case of the automobile industry, many countries still have high Most-Favored Nation tariffs, although some retain NTBs. For this reason, the TPP has greater potential for liberalizing trade in the automotive sector. Nonetheless, the weak advocacy of TPP automobile industry liberalization by the U.S. is a big concern. In this sector, tariff removals under TPP may ultimately be incomplete or at least delayed. Further, in the automotive industry there is concern about uncommon tariff concession schedules and business-unfriendly rules of origin with an ineffective cumulation rule. Thus, the regionalization of production networks in the automotive industry may be accelerated by the TPP. 
